This study examined why Websites were co-linked using Canadian university Websites as the test set. Pages that co-linked to these university Websites were located using Yahoo!. A random sample of 859 co-linking pages (the page that initiated the co-link) was retrieved and the contents of the page, as well as the context of the link, were manually examined to record the following variables: language, country, type of Website, and the reasons for co-linking. The study found that in over 94% of cases, the two co-linked universities were related academically; many of these cases (38%) showed a relationship specifically in teaching or research. This confirms results, from previous quantitative studies, that Web co-links can be a measure of the similarity or relatedness of sites being co-linked and that Web co-link analysis can thus be used to study relationships among linked Websites.
Background of the study
Many Webometrics studies have been conducted to examine the nature of Web hyperlinks. Among the various types of Websites, academic Websites are most frequently studied. Several studies have found that the number of hyperlinks (inlinks) to university Websites correlates with the quality of the university using varying definitions of quality. For example, in UK studies, quality is measured by the university's research performance as shown in UK government's official research
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Scientometrics 72 (2007) assessment exercise (RAE) ratings (THELWALL, 2001 ). In the Canadian context, quality is measured by the Maclean's ranking of Canadian universities (VAUGHAN & THELWALL, 2005) . The reliability of the quality measurement notwithstanding, the studies have shown that, when links are aggregated on a macro level, we can find patterns of linking and uncover useful information. VAUGHAN (2006) further studied patterns of co-links (if page X and page Y are both linked to by page Z, then X and Y have a co-link) to Canadian university Websites. Multidimensional scaling (MDS) was used to analyze and visualize co-link data. MDS mapping results of the data sets accurately reflected the ways Canadians see the universities and clearly showed the linguistic and cultural differences within Canadian society. This shows that co-links are not created at random and that Web co-links can be a measure of the similarity or relatedness of sites being co-linked.
While these quantitative studies showed us the patterns of the Web links, qualitative studies are needed to gain a better understanding of the nature of the Web link. Parallel to the quantitative studies, various qualitative studies have been conducted to find out why hyperlinks are created, i.e. the reasons or motivations for creation of a Web link. Most of these studies used a content analysis approach (e.g. BAR-ILAN, 2005; BAR-ILAN, 2004; SMITH, 2004; THELWALL, 2003; VAUGHAN et al., 2006; WILKINSON et al., 2003) but other approaches, such as personal interviews (KIM, 2000) , have also been used. All these studies examined the motivations for the creation of inlinks but none analyzed reasons for co-linking. The current study fills this gap. It builds on the VAUGHAN (2006) study by taking a content analysis approach to find out why co-links were created. Specifically, are the co-linked sites related and how are they related? It is hoped that the findings from this study will complement or triangulate findings from the quantitative study and provide us with a deeper understanding of the Web co-link phenomenon.
Methodology

Websites in the study
This study used the same set of universities as that in the VAUGHAN (2006) study. Thus all universities ranked in the Maclean's Guide to Canadian Universities (JOHNSTON, 2004) were candidates for the study. URLs of the university Websites were obtained from the Maclean's Guide and the ASSOCIATION OF UNIVERSITIES AND COLLEGES OF CANADA (2005) . Among the 47 universities in Maclean's Guide, five have multiple URLs in the form of redirect or alias. These URLs cause problems in collecting co-link data and they were thus excluded from the previous study (VAUGHAN, 2006 ) and consequently the current study. Among the 42 universities studied, 36 are 83 English, four are French, and two are bilingual. See Appendix 1 for the list of the universities and related information.
Search engines and query syntax
Yahoo! was used for collecting co-link data. Other major search engines that were considered, but eliminated as a choice for data collection, include Google and MSN. Google's "link" query term cannot be combined with the "site" query term to search for external inlinks as is stated in Google's API documentation "no other query terms can be specified when using this special query term" (GOOGLE, 2006) . MSN can perform external inlink search but it can only display the first 250 retrieved items at the time of data collection (Aug. 2005) while Yahoo! can display the first 1000 items.
Yahoo! has two link search commands: link and linkdomain. The "link" command will only search for links pointing to the homepage while the "linkdomain" command will find all links pointing to the site in question including the homepage and all other pages of the site. The study intends to find co-links both to the homepage and to nonhomepages and to make a comparison of the two types of co-links. Using two imaginary URLs www.abc.ca and www.xyz.ca as an example, the queries used to search for co-links are show in Table 1 . It should be noted that the query used to search for co-links to non-homepages, as shown in Table 1 , does not guarantee that the co-links found are external links, i.e. links coming from sites other than the two sites in question. For example, a page in site www.abc.ca could have links to another page in site www.abc.ca and a page in site www.xyz.ca. These co-links, that involve self-links, were eliminated when they were encountered and replaced with another randomly selected co-link page. The purpose of the linkdomain query in Table 1 was to search for co-links to non-homepages so it has the component of "-link:http://www.abc.ca" to exclude pages that linked to the homepage. A side effect of this component is that if a page linked to both the homepage and a page in a subdomain of a university, it would be excluded. It would be ideal not to exclude this type of pages but there was no practical search command that could do this.
As Yahoo could only display the first 1,000 pages in a search result, only the first 1,000 pages could be manually examined and classified. The exclusion of pages beyond the top 1,000 from the classification is a threat to the reliability of the conclusions as Scientometrics 72 (2007) search results are ranked and the detailed ranking algorithm is unknown to the public. This limitation applies to all research that used commercial search engines for data collection when the number of retrieved pages is beyond what can be displayed. JEPSEN et al. (2004) noted this problem in their study. Studies that limit searches by language or geographical location (e.g. BAR-ILAN, 2005) can control the number of hits to be less than 1,000 and thus all retrieved pages can be examined. We decided not to pose any limit on the search so that a broad spectrum of links, not just links of a certain type such as links from academic world, could be studied. The disadvantage of this approach is that pages retrieved beyond 1,000 cannot be examined. Since there are many fewer colinks than inlinks, the majority of colink searches in our study resulted in less than 1,000 hits when using the "link" command. However, when using the "linkdomain" command, the majority of search results were more than 1,000. The conclusion from the study needs to be viewed with this limitation in mind.
Sampling and classification process
We searched for co-links between all pairs of the universities in the study alternating between searching for co-links to homepages and to non-homepages. There were 42 universities in the study, which means that there were 861 pairs of universities. We searched for co-links to each pair of universities. In each search result, we randomly selected one page to be manually classified. As discussed earlier, if the search result was over 1,000 pages, the random selection was limited to the first 1,000 pages and this was a limitation of the study. A typical search result for the link query had hundreds of hits while a typical result for the linkdomain query was thousands of pages.
Each of the linking pages, equivalent to source pages in BAR- ILAN (2005) , was classified in the following aspects: language, country, type of site, and reasons or motivations for creating the co-link. BAR-ILAN (2005) suggested a framework for link classification in an academic environment. Although we studied co-links while BAR-ILAN (2005) studied inlinks, there are similarities in the overall theme. However, BarIlan's framework could not really be applied in our case because our study included source pages of any kind rather than just academic pages. For each source page in our study, there were two target pages (i.e. two co-linked pages) rather than just one target page.
Determining the language of the page was straightforward. Country was determined by the country of the page owner rather than the country designation in the URL. Consistent with a previous study , the type of the Website was manually assigned based on the type of organization responsible for the content of the page and not based on the domain name (e.g. .com or .org). The following five types of Websites were identified: commercial, organizational (e.g. non-profit organizations, associations, conferences), governmental, educational (including universities, colleges, 85 schools, and professors' homepages), and personal. The classification of language, country, and type of Websites was done by only one of us as the coding of these variables was fairly objective and straightforward.
Both the content of the Webpage as well as the context of the links were examined to determine the reason or motivation for creating the co-link. As there was no prior study that classified motivations of co-link creation, we needed to develop the classification scheme from the ground up. Based on the experience of our previous study that developed a classification scheme of motivations for linking to commercial Websites (VAUGHAN et al., 2006) , we used the following induction process to develop the classification scheme based on grounded theory (BERG, 1995, pp. 179-181) . The first author examined a group of co-linking pages (pages that initiated co-links) and identified six preliminary categories with brief notes defining each category. Then the second and the third authors classified a group of co-linking pages using the preliminary categories and revised the categories as needed. They did this exercise together to achieve a consistent understanding of the categories. They also recorded examples for each category. All three authors then discussed and finalized a classification scheme of the following five categories: general, teaching, research, association, and not related. See Appendix 2 for the definition of categories and the examples that illustrate each category. Only 3.8% of the pages classified fall into the category "association" (the two universities are co-linked because they have related academic, professional or student associations). In the data analysis stage, we decided to merge this very small category with the category of "general" (the two universities are co-linked in a list of universities, university libraries, university ranking, or education and research facilities) because being related by "associations" is similar to other types of "general" relationship in that it is not specifically related to teaching or research. Thus the final categories in the "results" section of this paper are "general", "teaching", "research", and "not related", which provides a clearer picture of if and how co-linked universities are related.
The second and the third authors classified the first 41 pages together in the process of developing the classification scheme. Then they classified the remaining pages independently. Among the 861 pages to be classified, two disappeared by the time the second coder attempted to retrieve them (they were there when the first coder classified them). These two pages only had one coder's coding so they were not used in the final data analysis. Thus the results reported below have a total of 859 data points. The intercoder consistency rate between the two coders was 98%; this is a very high consistency rate that assures the validity and reliability of the data. This consistency rate is higher than that achieved in previous studies of Web page and Web link classification (BAR-ILAN, 2004; CROWSTON & WILLIAMS, 2000; THELWALL et al., 2003; WILKINSON et al., 2003) . 
Results
Reasons for co-linking
The reasons or motivations for co-linking to a pair of universities are summarized in Table 2 . In only 5.9% of the cases (the "not related" category), the reason that the two universities were co-linked was accidental (i.e. they happened to be mentioned on the same Web page). For the remaining 94.1%, the reasons that the two universities were co-linked were either for their relationship in teaching/research or in other general ways such as student organizations or libraries. It is worth noting that teaching is a much more common reason than research for co-linking. This reflects the general observation that the use of Websites for teaching (e.g. course Websites) is much more common than use of Websites for research (e.g. report research findings). The very low percentage of research related pages corresponds to findings by ALLEN et al. (1999) and JEPSEN et al. (2004) that only a fraction of Web pages are scientific. 
Types of sites
Canadian university Websites were co-linked by various types of sites as shown in Table 3 . Not surprisingly, the most common type of site was educational sites but this type of site does not constitute a majority (43.3%). What is somewhat surprising is that commercial sites outnumbered government sites by about 10 times. Even personal sites (7.7%) are much more common than government sites (2.7%). 
Country
For the purpose of succinct presentation, European and Asian countries were merged by continent while countries in South America, Australia etc. were merged into a category called "others" (see Table 4 for the country distribution of co-linking pages). In 8.8% of the cases we were unable to determine the country from the Web page ("unknown" category in Table 4 ). It is worth noting that the majority of links were from outside Canada; a sign that Canadian universities were very visible internationally. Links from the U.S.A. outnumbered those from Europe and Asia combined. Geographical vicinity seems to be a factor in co-linking as is in the case of simple inlinking (THELWALL, 2002; VAUGHAN & THELWALL, 2005) .
Language
The language of the Web pages that initiated co-links to Canadian universities is shown in Table 5 where "mixed languages" means that two or more languages were present on the page. The most common type of mix is English and another language (e.g. English and Chinese) but the mix of English and French did not occur. Among the 42 universities in the study, 36 (85.7%) are English, 4 (9.5%) are French and 2 (4.8%) are bilingual in English and French. Given this situation, the dominance of English in Table 5 is not surprising but the French language seems to be under-represented among the co-linking pages. Links from educational sites are more teaching and research related Table 6 shows the cross tabulation of reasons for co-linking and the types of sites that initiated the co-links. A chi-square test shows that there is a significant relationship between the two variables (p<0.01). Comparing the observed frequency vs. the expected frequency (shown in brackets in each cell of Table 6 ), we can see co-links from educational sites are more likely to be created for teaching and research purposes and less likely to be in the "not related" category. This means that if we can limit data collection to educational sites, we can get data that better show teaching and research relationships of co-linked universities. However, implementing this strategy of data collection will be very difficult without the very time-consuming process of manual filtering as educational sites in some countries such as Canada do not have clear designation of .edu or .ac in their URLs. 
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Links to non-homepages are more teaching and research related
This study also compared links to homepages with those to non-homepages to determine if there is a difference between the two in terms of reasons for co-linking. A similar number of links to the two types of pages (435 links to homepages and 424 links to non-homepages) were classified. Table 7 shows the cross tabulation reasons for colinking and types of pages (homepage or not). A chi-square test revealed a significant relationship (p<0.01) between the two variables. The contrast between the observed frequency vs. the expected frequency in Table 7 indicates that links to non-home pages are more likely to be teaching or research related while links to homepages tend to show the general relationship between the two co-linked universities. 
Conclusions and discussion
The study found that in over 94% of cases, the two co-linked universities were related academically. Here academic relationship can be either in general ways (e.g. university libraries or student organizations) or specifically in teaching or research (38%). This confirms results from quantitative studies that Web co-links can be a measure of the similarity or relatedness of sites being co-linked and that Web co-link analysis can thus be used to study relationships among universities.
The majority of co-links came from sites outside Canada, a sign that Canadian universities are very visible internationally. Educational sites are the most common type of site that generated co-links to Canadian universities. Furthermore, co-links from this type of site have a higher chance (51%) of showing teaching or research relationships. If co-link data are filtered to be from educational sites only, the data will contain better information on teaching and research relationships among universities and thus will be better objects for Web data mining.
In Web co-link analysis, an important decision in data collection is whether to collect co-links to homepages or to all pages. It is therefore very useful to find out if and how links to the two types of pages differ. This study found that links to nonhomepages tend to be created for teaching and research purposes. In other words, the co-links to non-homepages tend to show teaching and research relationships between the universities. On the other hand, co-links to homepages tend to show general relationships (e.g. similar type of universities, related university organizations) between the co-linked universities. This finding is useful in guiding data collection of future studies. Appropriate data collection methods can be selected depending on what type of relationship the study intends to examine. 
